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Abstract 

Measurements of the cross section for the reaction p + p + 

x0 + (anything) have been completed. The data co"er a range of 

incident proton energies 50 - 400 GeV, no transverse momenta 

(p,) 0.3 - 4 GeV/c, and laborat&y angles from 30 to 275 mrad. 

The experiment was performed using the internal proton beam at 

the Fermi National Accelerator Laboratory. A lead-glass counter 

was used to detect photons from the decay of noas produced by 

collisions in thin targets of hydrogen or carbon. Tables of 

the measured cross sections are presented. 

. 
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Introduction 

A great deal of effort in recent years has gone into the study 

of "inclusive reactions", in which only one (or perhaps.two) of 

the reaction products is considered, the rest being ignored. In 

this lizited view of high energy interactions it is hoped that 

certain simple features of the dynamics will become apparent. 

Inclusive production with large transverse momentum has been of 

special interest, since in such measurements the sho’kt distance 

behavior of the hadronic structure may be more clearly exposed. 

We have made neasurements of the inclusive process p + p + 

x0 + X over a wide range of kinematic variables, to look for 

structure or interessing dependence= on energy or transverse mcauen- 

turn. The data were taken over continuous ranges of incident 

proton energies from 50 GeV to a maximum of 400 GeV, Ho transverse 

momenta from about 0.3 GeV/c to 4.0 GeV/c, and center-of-mass 

production angles from 20' to 150°. Some preliminary results have 

already been reported. 1 A detailed interpretation of the data 

presented here appears in a separate article. 2 

Apparatus 

Figure 1 shows a schematic of the layout of the apparatus in 

the experimental area. The experiment was carried out in the 

Internal Target Area of the Fermi National Accelerator Laboratory. 

This area is located at the CO straight section of the accelerator, 

and allows experiments to be done using the internal proton beam 
l 

during the acceleration cycle. Several advantages influenced 

the choice of this area. Of practical concern was the early availabilit: 



-3- 

of a usable proton beam in that location. More important, fram 

a physics standpoint, was the possibility of making measurements 

with beam energies covering a continuous range from (injection) 

8 GeV to (extraction) 300 or 400.GeV. The multiple traVerSalS 

of the beam through the target provided a good duty cycle and 

allowed high interaction rates $0 be obtained with very thin 

targets (typically 10' interactions/set). 

Figure 2 shows schematically the two kinds of targets used 

in the experiment. Both were of necessity very thin So as not. 

to interfere with the operation of the accelerator. One was a 

cold jet of hydrogen gas3 squirted down through the beam for 

about 250 msec at a chosen time in each acceleration cycle. The 

target was cryo-pumped to prevent deterioration of the machine 

vacuum. The jet pulse was kept short to minimize background from 

increased amounts of gas in the system upstream and downstream 

of the target location. A better duty cycle was obtained with 

the other kind of target which consisted of fine (s 7 micron) 

filaments of CA2 or carbon, attached to a rapidly rotating wheel. 

The centrifugal effect of the rotation kept the filaments rigid, 

and each filament spent a small fraction of its time in the beam, 

thus reducing the chance of burning. The bulk of the data in 

this experiment were taken with carbon targets, the hydrogen jet 

being used primarily for calibration purposes, as discussed below. 

The detection apparatus (Fig. 3) was located in the accelerator 

tunnel. Data were taken at laboratory angles ranging from 30 mrad 

to 275 mrad., The target region was vie&d by the detectors through 

a thin (% .020') stainleas steel window in the accelerator vacuum system. 
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The view of the target region was limited by a remotely movable, 

two-foot-thick steel slit. At each angle setting of the apparatus, 

a scan over the target was nade with this slit, to determine the 

optimum setting and to check that backgrounds were small with the 

slit out of position. The slit was followed by a system of per- 

manent magnets to deflect low momentum charged particles away 

from the detectors and thus reduce singles rates and backgrounds. 

The magnets were appropriately shielded to prevent effects on 

the nearby accelerating beam, and were mounted on a mopable, 

carriage <o permit angle changes. The detectors thenselves were 

enclosed in a lead shielding house on another movable carriage. 

Photons entered the shielding house through an 8" thick lead 

collimator facing the target. The angle pubtended at the target 

by this collimator was smaller then the minimum opening angle 

of the two photons fron no decay for no momenta in the region 

studied. Fence only one photon from a given no decay:was observed. 

The detection.system itself was very simple. A 5" x 5" 

scintillation counter (#l) was placed immediately behind the lead 

collimator and was used to veto incident charged particles. A 

2" x 2" x l/4" (l.l.radiation length) piece of lead (remotely 

removable) was placed behind the veto counter to convert photons 

by pair production. This converter was immediately followed by a 

telescope consisting of two small (3" x 3") scintillation counters 

(t2, #3) to detect the pairs produced. The energy of the photon 

so identified was measured by detecting the Cerenkov light produced 

by the resulting electromagnetic shower in a block of lead-glass. 

This total absorption shower counter (t4) consisted of a single 

piece of lead-glass 6" x 6" x 15" deep (14 radiation lengths1 to 
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;-hich was cemented a 5-inch-diameter RCA8854 photomultiplier 

tube (this type has a high-quantum-efficiency photocathode ad 

sigh-resolution dynode structure). The requirement that the 

+oton COiVert in the Pb radiator in front of the Pb glass 

reduced hedronic background and diminished shower fluctuations 

in the Pb glass. The lead-glass counter was followed by a tele- 

scope of two 5* x 5' scintillation counters ((15, 16) separated 

by lead absorber, to detect muons and charged hadrons penetrating 

the entire system. 

TWO methods were used to monitor the beam-target interactions 

during the experiment. One was a Small scintillator telescope, 

shown in Fig. 1 set at a typical angle of 7S" from the incident 

bea direction. A large lab angle tias found to be essential for 

monitor telescopes, because of the large background encountered 

in the forward direction. To improve the rejection of non-target- 

essociated background, the telescope included both thin and thick ' 

scintillators So as to be capable of identifying slow protons, 

deuterons. tritons, and alphas recoiling at large angles from 

the target, by simultaneously measuring dR/dx and E for each 

particle. As shown in Fig. 4, tbe different masses are cleanly 

separated. The proton rate was recorded for each run, and provided 

2 stable relative luminosity monitor. The absolute normalization 

of the data taken at each angle was performed by using a solid- 

State detector, mounted near 90° as shown in Fig. 1, to detect 

recoil protons elastically scattered from khe hydrogen jet. The 

Fosition and solid angle of the detector were known, allowing 

absolute normalization of the photon cross section by reference to 

;reviously measured proton-proton elastic cross sections. 4 As 
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shown in Fig. 5, the elastic peak in‘the detector was quite clean. 

The photon data obtained with a carbon target (which extended to 

larger p, than that with the hydrbgen target) were then normalized 

to these absolute cross sections at each incident energy and angle. 

Data Collection 

The electronic logic system is displayed schematically in 

Fig. 6. Photomultiplier pulses from the detectors were brought 

to fast discrbinator modules , and the resulting shaped pulses 

were used to make coincidences between various counters. PhOtOXX$ 

were identified by a y f i -2-3-4 trigger, requiring no pulse 

in the veto counter bl but a coincidence of the counters follow- 

ing the lead converter. Muons or other fast charged particles 

traversing the system were selected by a coincidence of. all 

detectors except the lead-glass counter, "!J- = 1.2.3.5-6. 

Due to the very rapid decrease of the photon rate with 

increasing photon energy, three separate discriminators with 

different threshold settings were used to process the pulses from 

the lead-glass counter. The pulses from the discriminator with 

the lowest setting, hence highest rate, were sent to a scaler- 

gating system which allowed only every 256th pulse to make a y 

trigger. For the niddle setting, every 16th pulse was passed 

through, while all pulses from the highest discriminator Were 

accepted. The effect was to minimize computer-dead-time losses, 

which would have been very large with a single ungated low 

level discriminator, and yet allow ample triggers at the low pulse 

heights. Since the above ratios were precisely determined and con- 

stantly monitored, no normalization difficulties were introduced. 
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Data from the fast electronics were recorded by a PDP-11 

computer through a CAMAC system of scalers, analog-to-digital 

converters (ADC's), and latches. The information recorded on 

scalers included counter single rates, various coincidences, 
- 

nonitor counts, and the value of the'proton beam momentum as a 

function of tine. The beam momentum was derived from a train of 

Pulses sent from the main accelerator con-o1 room, in which each 

pulse signified a fixed increment in the main ring magnetic 

field. The AK’s were used to record pulse heights in all counters. 

At each event, an interrupt signalled the computer to record on 

magnetic tape all pulse height's and some of the scalers. At the 

end of a run, all scaler values were written on tape. 

Normal data runs were taken with the y trigger providing the 

event interrupt and the lead converter in place. The target was 

the,sotating wheel with carbon fiiaments, its position 

adjusted with respect to the beam to keep the.counting rates below 

certain levels as monitored by accidental coincidence rates. 

Figure 7 shows a typical pulse height distribution in counter C2 

(iimnediately after the lead converter) from such a photon run. 

There is a small peak corresponding to a single minimum-ionizing 

particle, followed by a large peak at twice that pulse height, 

then other peaks (less well defined) corresponding to higher 

nultiples. The large peak results from electron-positron pairs 

produced in the lead converter by an incident photon. The small 

peak is consistent with the small fraction of pairs-from which one 

menber is producea at such lalge.angle 6, such small energy as not 

to penetrate counter (2. 
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Although this pulse-height distribution is very strong 

evidence of a clean photon trigger, a number of other checks 

were made to verify that the events were really due only to 

photons origieating at the target. Figure 8 shows results of 

a typical scan made with the two-foot-thick steel slit after 

every arqle change. It is apparent that when the slit is out 

of position the y rate almost vanishes (z 1% of the peek rate). 

Test runs were made with the lead converter removed from the 

detection system, and in such runs the rate was found to be 

about 1.5% that with the converter in, independent of photon 

energy, consistent with photon conversion in the re&ining mater- 

ial: counter plastic and wrappings. In addition, runS were 

nade with the lead converter replaced by a piece of aluminum of 

the same number of radiation lengths, but a greater number of 

nuclear interaction lengths. This could be expected to make a 

relative increase in background from neutral hadrons, but no 

difference in rate was observed even at the highest transv&se 

momenta. Empty target runs were made periodically, and at all 

angles the observed rate was small enough [< 1%) that no empty 

target subtraction was necessary. Finally, runs were made at 

various bean interaction rates to ensure that no significant 

rate effects were present in the data. 

At every angle a series of short ndrmalization runs Was 

made with the hydrogen jet target. As discussed above, a solid 

State detector was used to detect recoil protons elastically 

scattered from the target, thereby allowing an absolute normal- 

ization of the simultaneously measured photon rate. The timing 
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of the jet pulse during the acceleration cycle was varied from 

run to run So that a different beam momentum'was used for each 

I-, thereby covering the full range of useful momenta from 

under 50 GeV/c to 300 GeV/c or 400 GeV/c. At one laboratory 

angle, 100 mrad, a large amount of time was spent running with 

hydro& as well as with carbon, and the y spectra from the two 

t-es of targets could be compared out to 3 GeV/c transverse 

mxenWQ. The dependence6 of the cross sections on pL were the 

saae within statistical error, thereby establishing the insensi- 

tivity of the results to nuclear effects and justifying the use 

of the carbon target. 

Frequent short runs were taken with the -u" trigger as the 

event interrupt. As shown in Fig. 9, the lead-glass counter #I 

guise height distribution for such runs showed a single clean 

peak, as expected. The position of the peak could be determined 

_ to a precision of f 2% or better, so this information served to 

monitor the energy calibration of the shower counter as a function 

of time. This energy calibration was originally determined from 

measurements with electrons in a momentum-analyzed charged beam 

of 1.8 GeV/c to 5 GeV/c at the Argonne ZGS. Later, after all 

neasu.r&ents were completed, another calibration was done at 

Ferailab in a charged momentum-analyzed beam of 10 to 35 GeV/c. 

Ihe results were in reasonable agreement with the earlier measure- 

=ents. In sddition, the linearity of the photomultiplier &be and 

cssociated ADC was measured with a light-emitting diode and neutral- 

density filters. The results showed that the system~was linear to 

M accuracy of f 1% over the range of interest. 
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Data Reduction and Results 

The magnetic tapes of raw events were processed at the 

Fenoilab Computation Center. Histograms of events were produced 

Using the COmpUter program KIOWA. The primary cut on the raw 

events was made on the pulse-height of counter #2, rejecting 

events x?th a pulse height falling in the region of the single- 

minimuzn-ionizing peak seen in Fig. 7. Only a 6ndi fraction 

(less than 2%) of the events failed this cut, but these are 

expected to include essentially all events due to charged 

particles which the veto counter failed to reject. No correc- 

tion tl the,? cross section was made for tQe loss of events 

due to this cut. An additional cut was made on the lead-glass 

counter (C4) pulse height, to reject events with pulse-h&ight 

near discriminator threshold: 

The data were then binned by incident proton morrentum, in 

intervals of 5 GeV/c from 50 to 135 GeV/c, and in 25 GeV/c bins 

from 150 to 400 GeV/c. In each momentum bin, histograms were 

made of the events as a function of photon energy, which was 

derived from the pulse height in the lead-glass counter using 

the calibration determined as previously described. The absolute 

normalization of the data St low transverse momentum a5 a fUnCtiOn 

of beam momentum was determined by comparing the photon rate With 

that of elastically scattered protons in calibration runs with 

the hydrogen gas jet, also described above. This calculation 

used the known solid angles accepted by the detection system 
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(typically of the order of 10 usr) and by the solid state'monitor. 

Hence to determine the single y cross section, the following 

expression was used: 

2 

&=&ii- 
% CP + P * P + PIA~ P 

aN n 
Y Y P 

. 
where N I = the number of detected y rays of energy k f Ak/2 in the 

solid angle AR,., Rp = the number of detected.protons in the solid 

state monitor associated with N,., o = the fraction of these detected 

protons which come from elastic scattering, g 
P 

(p + p - p + p)AQp = 

the integrated elastic cross section for p - p scattering in the 

solid state monitor, and n = (correction for computer dead time) x 

(y conversion probability) x (correction for accidental Veto 

triggers in the front vefo counter (typically 10%)). 

The resulting histograms of the inclusive photon cross SeCtiOn 

were converted to v" cross sections under the assumption5 that all 

the y says came from no decay. As shown by Stesnheimer, 6 the in- 

variant 7r" cross section is then given by 

The Sternheimer analysis was accomplished by first performing 

a minimum x2 fit to the photon cross section of the form: 

2 
& = A exp(-BP,-CpL2) 

Y 

where pI = k si.ney = gamma ray transverse momentum in the lab 

frame, and the parameters A, B and C were determined from the fit. 
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The derived fit parameters B and C were then used to obtain the 

derivative: 

(B + 2CPI) 2 
Y 

d2c_ 
+I~=== dktiR 2 = the measured (not the fittedjvalue of the y 

Y 
cross section. The resulting error in the v" invariant cross 

section then has contributions from the statistical errors in 
AB < the fit parameters B and C (typically r .,, * 2% and F .$ * 101 

respectively), from the statistical uncertainty of the data point 

itself (small except for the very largest values of pr), and from 

the statistical errors in the absolute normalization which were 

typically % t 5%. The systematic error in the normalization 

(from energy calibrations of the Pb glass, solid angles, etc.) 

was not included, but is estimated to be s + 309. 

The r" invariant cross sectiops obtained by this method 

agreed well with the results from either calculating the deriva- 

tive directly by a bin-bin subtraction procedure, or by using 

only the fitted form. The i" Invariant cross sections obtained 

from this analysis are presented in Table I. 7 Typically; several 

bins in transverse momentum have been combined to produce each 

entry in the~table. Sample cross sections are shown in Fig. 10. Although 

no sharp structure or threshold effects are seen, the dependence 

of the shape of the spectra on beam momentum and lab angle is 

quite apparent. The interpretation of these effects, and comparison 

with other experiments, may be found in a separate $rticle. 2 
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0.903 
1.139 
1.358 
1.588 
1.806 
2.039 
2.259 
2.605 

,2.830 

Incident Proton mmentun - 175 ~a",= 

PI (cev/c) 

t- 
0.448 
0.676 

Ed./ds.' 

0.903 
1.131 
1.357 
1.585 
1.811 
2.036 
2.263 
2.188 
2.709 
2.943 
3.260 
3.672 
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Tdboratoq Angle = 50 "illiradian. 

! Incident Proton nonentwn = 200 @y,< 
fdoldp' 

z 2.706 
i 2.938 

3.184 
3.625 

: 

2.178xlo~; 
5.650x10-, 
1.687X10-, 
5.162X10-, 
1.717x10-. 
6.125x10 . 
*.467x10-. 
1.004x10-r 
4.590x10-, 
*.233x10-. 
1.213XlO~‘ 
6.629~10 6 
3.972x10-l 
1.1aox10- ! 

Lncident Proton Ilotmntum = 250 Ge",c 

sr (G&/C, 

I 

Edo/d$ , f error 

0.449 
0.671 
0.899 
I.129 
1.355 
1.587 
1.814 
2.03, 
2.253 
2.496 
2.720 
2.940 
3.246 
3.517 

- 

1 1 Incident Proton !mnentlz~ - 275 GN,C :Incident Proton :,o?e,,tm = 225 G~V,C 

Edo/d,? Edo/dp3 * error 

cl.449 
0.676 
0.904 
1.132 
1.357 
1.586 
1.813 
2.041 
2.269 
2.506 
2.119 
2.938 
3.168 
3.505 

4.388XlO~ 
1.2MXlO~, 

2.613x10:: 

3.623x10-l 
7.121XlO-2 

1.1*2xlo~, 
*.107x10-, 

3.957x10-, 
6.630X10_, 

1.421x10-, 
2.25OXlO~, 

5.302x10-, 
*.*o4xlo~, 

*.021xm-, 
3.161X10-. 

7.9*1x10-. 
1.309x10-, 

3.065X10-. 
5.939x10-, 

1.P2ox~o-, 
2.931x10-, 

5.311x10 , 
1.707X10-, 

1.668.10-S 
9.3*ox10~1 

5.947X10- 
1.*05X10s, 
2.486X10 

4.522x1," 
1.296xlO~, 

3.777X101: 

3.*14x10-, 
1.035X10-, 

1.263r10-, 
3.103X10-, 

4.1*4x10-, 
1.DOlXlO~, 

1.683X10-, 
3.45*x10-, 

*.029x10-, 
1.3*1X10-, 

2.699X10-, 
5.058X10-* 

1.176X10-. 
2.456X10-, 

4.401x10-r 
1.231XlO~~ 

9.*53x10-. 
5.909x10-, 

1.150x10 
1.969X10-. 
6.743X10 

Incident Proton !!omentun c 300 &v/c 

PL lGeV/c) 1 Edo/dp' 1 

5.091x10 1: 
1.312X10-* 
4.0%X10-, 
1.215x10-, 
4.105X10-, 
1.869XlO~. 
*.05*Xl*~, 
3.7*9x10-, 
l.ll~xlO~, 
5.718X10-, 
6.783X10 
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Laboratory Angle - 65 !,illiradiap, 

Incident Proton !Icpentum = 50 Ce",c 

PI ,GN,C, ' Edc/d$ , 2 Error 

0.435 
0.670 
0.883 
I.126 
I.329 
1.507 
1.771 
2.206 
2.466' 

\_ 
!~ 

1 
$ 

j 

c 

- 
, ’ 
:1. 

1 

I- 

2.491x10", 1 . 9 125x10-: 

:ncident Protoil Womentwo - 75 WY/c 

EdT/dp' 2 Error 

0.430 
0.669 
0.881 
1.121 
1.325 
1.549 
1.769 
1.995 
2.210 
2.420 
2.578 

3.189XlO_D, 1.198X10:: 
,.629x10-, 2.706X10-, 
*.1*2r10-, *.OclxIO-, 
5.372x10-, 2.126X10_. 
1.731x10-, 6.071X10-. 
5.260X10-, 2.~22X10-, 
1.621XlO~, 1.040*10~, 
5.386X10-, s.r152x10-, 
1.716x10-, 2.921~10-~ 
C.826XlO-, 1.509x10-, 
3.506X10 1.795X10' 

: 

Incident Proton Xomentm = 100 Gc",c 
, - 

0.435 
0.667 
0.875 
1.118 
1.325 
1.547 

i 1.753 
i 1.989 
' 2.222 

j z:: 

, Edv,dp- - t Error 

,.398x10:, 
*.773x10-, 

1.429x10:: 
3.431X10-> 

*.774x10-, 1.*82x10~, 
7.4*0x10~* 3.119x10-. 
2.572X10-, 9.564X10T. 

I-L 
8.347XlO~, 3.607XlO~. 
2.862X10-. 1,595x10_, 
*.*50x10-, 7.577x10-, 
2.762x1O-s 3.915Xlcl~. 
8.718XlO~~ ',.~~;~;~~I 
2.854X10 . 

ncident Proton Hmentun - 150 CeV,c 



- 21 - 
L3boratnry Angle - 65 xilliradians 

ml - 175 Ge”,c :zzieen+ 0 
>- ttei’,c, 

/ g 

l.i<.: 
l.755 

! 1.9a5 
! 2.205 
I 2.432 
! 1.542 
: 2.252 

3.102 
3.368 

Pn Dlonentu 

m3/ap3 

3.SS3XlO~, 
9.063X10-, 
3.054x10 , 
3.829X1011 
3.4P5x10-r 
1.300x10~, 
C.S87XlO~, 
1.890x10~. 
7.c*3xlo~. 
3.013XlO~. 
1.338X10-, 
3.334x10-, 
2.487X10-‘ 
8.427x10 I - 

t Error 

-1 
1.1*6xlo~* 
;-;p:;-1 

Z:BBWO~: 
9.393x10~. 
3.735x10-. 
1.622X10c, 
7.601XlO~. 
~.015XlO~, 
2.319xlo~, 
1.441XlO~‘ 
6.777X10-, 
5.611X10r, 
3.113x10 

l* tc-e”,cl 

0.:37 
0.563 
5.378 
1.110 
1.325 
1.544 
1.552. 
1.987 
2.215 
2.429 
2.553 
?.?I10 
3.104 
3.381 

. 

3. B71XlO D 
1.045x10_0, 
3.361X10m1 
1.028X10~* 
3.776x1o-2 
1.121XlO~, 
5.794x10-, 
2.169xlo~, 
7.913x10-. 
3.601r10~. 
1.768x10-, 
5.129x10 I 
1.931x10-, 
4.650x10- 

1.362d: 
3.537xm-. 
1.123x10-, 
3.551X10-, 
1.218XlO~. 
*.775*10-, 

A 
2.116X10e5 
9.575x10-s 
4.707XlO~~ 
2.824X10-. 
1.835X10-‘ 
9.215x10~‘ 
5.353x10-r 
2.736X10 

I 
F 
6 

0.437 
0.663 
0.878 
1.105 
1.321 
1.546 
1.767 
1.983 
2.210 
2.413 
2.646 
2.878 
3.090 
3.429 

I 

i 

Incident Proton !tomentwl - 250 Ge”,C 

?& Ge”,c, 

0.434 
0.664 
0.877 
1.109 
1.326 
1.515. 
1.711 
1.987 
2.197 
2.'423 
2.651 
2.863 
3.102 

hciaent P1 

Edddp3 ) t Error 

t Error 

*.550x10 1: 
6.31OX~O~, 
1.851XlO~, 
;.;g;p 

8:919x10:: 
3.869X10r. 
1.822X10-. 
1.028X10_, 
6.5OOXlO~, 
3.116X10-. 
8.680X10 
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LPbOratory Anale - 10 ?!i11iradi.nr 

Ixident Proton YOnenLun = 50.9 G&./C 

! FL (GV/Cl ) Edo/dp3 ! t Error j 

o.co* 
0.606 
0.936 
1.14, 

: 1.379 
' 1.618 

1.875 
1.112 
2.409 

3.978X10' 
l.O27XlO~, 
1.755X10-, 
6.000X10-, 
I.Pl*xlo , 
2.819x10-. 
5.9;lxlo-l 
9.935x10-, 
6.694x10- I 

-1 
1.594x10-2 
6.048XlO~~ 
1.258X10 I 
2.863X10-. 
9.471x10-. 
3.592x10-1 
6.005*10-, 
1.944x10-. 
d.d93rlo- 

I I 

Incident Proton Wm.ent~ - 125.9 GW/ 

P* (Ge",cl ( Ed./dp3 , *Error 0.‘06 4.628x10' 
0.637 
0.93, 

1.340x10~, 
2.455x10-. 

1.138 9.214x10 * 
1.377 2.789x10-. 
1.612 1.026x10-, 

‘- 
1.867 3.283X10-1 
2.105 1.171.r10-r 
2.155 3.511x10-* 
2.611 1.144r10-r 
2.865 
3.061 

3.039X10>‘ 

3.267 
9.377x10-* 
7.946.x10 

1.872X10-: 
7.562.X10-* 
1.6.21r10~. 
3.9+7X10-.* 
1.469XlO-. 
7.225x10-. 

1 
1.791XlO~. 
*.l49x10~r 
3.776X10-. 
z.009x10 . 
9.9x.10-* 
5.262X10-* 
7.w2r10- 

1.133x10-* 
4.157x10-r 
1.175x10-* 
3.0422l10-1 
1.149x10-r 
5.119r10-. 
1.42lx10-r 
6.341x10-. 
2.997x10-i 
1.5B8xlo-* 
7.892x10-~ 
5.424X10-* 
2.07&f10-6 
1.372x10- 

Incident Proton Nomentw - 179.9 Ge", 

PA Ge",sl 1 \ m/ap3 I *Errol 

1.1alx1ci: 
4.013rlo~. 
1.192x10-. 
3.119x10-. 
1.211rlo~.. 
5.288X10-. 
1.364X10-, 
6.211x1q. 
3.07LxlO- ‘ 
1.7411x10-, 

'5.;",:~;=:& ‘ 
2:177*10- l 

‘C 
1 
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IpboratOry Angle - 80 nilliradians 

i.611 
i 1.257 

2.103 
2.3:s 
2.382 
:. 833 
3.073 
3.317 
3.331 

L 

I 
I 

- 

4.*9*110~ 
1.454r10_1, 

1.134x10 r: 

3.569x10-, 
4.1*7xlo~,, 

1.289x10-, 
1.206x10~, 

i.i*3x10-, 
3.214x10-, 
1.257x10-. 

3.469X10-, 6.2cl3Xl@,~. 

T 
5.648X10-, l.645X1O-1 
*.07~xlo-. 7.402x10-, 
8.674X10-. 
3.074X10-. 

4.043x10 I 
2.14*x10-, 

1.016X10-, 1.160x10-‘ 
3.142X10_1 6.471x10-r 
1.670X10-‘ 4.359x10-, 
4.177x10 2.524x10- 

P, lGev/cl 

y 

I 

0.409 
0 648 

/ 

0 923 

i;%f 

1.867 
2.107 
2.348 
2.585 
2.837 

) ::::: 3.138 

Ixitent Pmton :ksnentm - 225.9 cev/= 

: ?_ cze",c, Ef,/dp* 
* E==O= IyLqzGqx 

t Error - J.‘O8 5.048X10 * 9.i:j 
c.921 

l.lrs.lo:: 1 ;:::: 
1.395x109, 4.034xlo~* 

;.13* 
3.47*x10-, 1.204x10-, 
1.316X10-, 3.367X10-, 

0.923 

/ i;;;; 
4.428x10-, 1.331x10-. 

1.138 

1.493x10-, 6.023XlO~, 
1.379 

s.*52x10-, 1.64OXlO~, 
1.617 

I LLL 
! 2.3:s 

1.986x10-. 7.476x1o-1 
1.868 

*.170x10-. 4.008x10~~ 
2.109 

2.581 

j ;;z; 

2.9*4X10-. 
2.352 

2.143x10 I 2.591 
1.062x10~1 1.195xlo~‘ 2.828 
4.516X10-, 7.497x10 ‘ 3.094 

L.22 

2.098X10-‘ 4.996x10:, 
1.*71x10- 

3.339 
4.134X10 3.716 

5.135x10* 
1.492XlO~,, 
3.726X10_, 
1.405x10-, 
4.793x10-. 
1.652x10-, 
6.140X10-, 
2.212X10~. 
9.58*x10-. 
4.114X10~, 
1.56OXlO~, 
3.657X10-, 
1.37OXlO~, 
4.554X10 

1.353X10 1: 
4.901X10-* 
1.426X10-, 
3.979x10-, 
1.639x10-, 
7.673X10-. 
2.037XlO~, 
*.925x10~, 
4.912x10-* 
2.*5*X10-r 
;.,";;:;p 

I:406xlo;: 
1.032x10 

- 

Incident Proton mmentun - 300.9 -v, 
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Laboratory Angle = 100 Hillindians 

Iicident Proton Xonenttm = 50 CeV,c 

:_ 
Edc/dp' , * Error 

Incident Proton I!onentum = 75 &V/c 

, I 7 
I 

I 

:ncident Proton mmentum - 100 @v/c 

Lncident Proton Momentum - 129 Gc",c 

?, IGe",c) Edo/d93 f Error 

0.426 5.046X10' 2.040x10~: 
0.629 1.716X10~r 9.135x10~1 
0.828 6.394XlO~, 3.945X10-~ 
1.071 *.O16xLo~* 1.11Orlrl~, 
1.261 
1.462 
1.676 
1.902 4.723x10-, ,.257x10-. 
2.091 1.794x10~. l.l33xlD~, 
2.288 7.139x10-. 5.688X10-. 
2.509 2.493x10-, 2.959x10-r 
2.706 1.164X10-, 1.902x10~‘ 
2.928 3.133X10-6 9.494x10-. 
3.244 7.888x10~. 4.629rlo-. 
3.539 3.699X10 7.399x10 
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Laboratory Angle = 100 Hilliradians 

.- 
j : 
f I 
- 

) 
4 
I 

I 
-a- 

[ncident Proton .%nentm = 150 G~v,= 

- 

j; 
‘ncident Proto> Homentum = 175 G&/C 

?L ,Gev,c, I t Dxor 

?L (G.e",C) 

0.427 
0.631 
0.837 
1.068 
1.260 
1.466 
1.678 
1.898 
2.095 
2.304 
2.508 
2.717 
2.920 
3.126 
3.335 
3.882 I - 

Ed,/dp, 

4.821x10~ 
1.5*8x10_', 
5.348X10-, 
1.662X10-, 
6.752XlO~, 
*.519x10-, 
9.733x10-, 
,.527x10-, 
1.,3*x10 
6.273X10 1: 
2.631X10-. 
1.143x10 s 
'.801x10~, 
2.244x1O-s 
7.29OX10~‘ 
1.711x10 

= Error 

1.425x10~: 
4.990r10-1 
1.977x10-, 
6.053XlO~, 
2.071x10~. 
*.141x10-. 
'.560x10-. 
1.407x10-, 
5.666X10_, 
2.691x10-~ 
1.432x10-, 
8.394X10-, 
4.459XlO-‘ 
'.314x10-. 
1.*23x10-7 
5.187x10 

(1.426 
0.634 
0.834 
1.065 
1.260 
1.455 
1.676 
1.895 
2.091 
2.302 
2.514 
2.718 
2.945 
3.120 
3.345 
3.898 

:i 

I 

Incident Proton lloment~ - 200 Ge",c 1 

P. (GeV/cl Edoldp' , t ET~OI 
I 

0.426 
0.635 
0.836 
1.065 
1.260 
1.463 
1.674 
1.898 
2.092 
2.301 
2.504 
2.718 
2.921 
3.134 
3.331 
3.909 
4.319 

Incident broton llomentun - 225 .&V/C 

?r tce”,cJ 

m 0.425 
0.631 
0.837 
1.064 
1.260 
1.468 
1.676 
1.897 
2.095 
2.299 
2.511 
2.717 
2.441 
3.139 
3.334 
3.647 

5.207x10' 
1.643XlO~, 
*.544x10-, 
1.802X10-* 
7.30*x10-1 
*.*55x10-* 
1.110x10-> 
4.202x10-, 
1.804x10~. 
8.500xlo~. 
3.590x10 , 
1.513x10-, 
*.134x10:, 
2.696X10 I 
1.735x10‘. 
3.170x10- 

* EZTOI 

1.576.1OI: 
5.275x10-* 
*.043x10-. 
6.662X10-, 
*.,25x10-, 
9.601x10-. 
4.206X10-. 
1.738X10-l 
6.865x10-, 
3.641X10-S 
1.919x10-, 
1.084XlO~. 
6.37lxlO-4 
'.97*x10-‘ 
,.069x10-. 
1.113~10 
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laboratory Anqle = 100 Killiradi~ns - 

hc;dent Proton Xormentw = 250 ~e",c 

L Edo/do’ I 

3.906 

5.‘llXlO 0 
1.7,CxlO~, 
5.859X10-, 
~.s~~x10~* 
E.l45xlO-, 
'.lLlXlO~. 
:.ZSiXlO-, 
i.O37XlO-, 
*.356x1O-s 
1.0,2X10-. 
4.3:6x10_, 
2.466X10-, 
9.633x10~, 
'.169X10-, 
1.091x10-. 
2.751r10 

1.693X10 1: 
5.766X10-, 
2.219X10-, 
7.403x10-, 
2.684X10-, 
l.lOhlO-, 
5.064XlO~. 
2.149x10-5 
S.l54XlO-s 
4.404X10-, 
2. 391x10~r 
1.633X10-, 
9.l79r10-r 
4.922X10~. 
*.77lxlo~, 
7.271x10 

?, t;ev,c, Edc/dp3 f Error 

1.632X10 1: 
5.590x10~2 
*.20*x10-, 
7.009x10~, 
2.486X10-, 
1.055X10-. 
I.BllXlO-. 
2.096XlO~, 
B.'41XlO-. 
4.116X10-, 
*.303x10~, 
L.'66XlO-1 
8.099x10-‘ 
1.778X10 ‘ 
3.5*7x10-7 
B.*1oxlo- 

Incident Proton l,,me,,tu,m = 300 -v/c 

PA (GeY/cl Ed./dp' * I%-~D,z 

0.426 5.*73x10' 1.675X10 
0.634 

1: 
0.836 1.67)8XlO~, 
1.065 

5.684X10-> 5.746x1o-r 
1.*39x10-* *.273x10~, 

1.258 
1.467 

7.909x10-r 7.309x10-, 
;.;;;m;;-' 2.688XlO~, 

1.159x10 . 
1.667 5.269x10-.- 
1.896 4.920x10~: 2.306x10-r 
2.093 
2.295 

*.272x10-, 9.638110~, 
2.510 l.OmrlO-, 

4.777x10-. 
5.250X10-, 

2.720 l.B56XlO-. *.939x10-, 
1.607x10 , 

2.912 
3.116 

1.025x10 I 1.115x10~r 
4.414XlO~, 6.899rlo , 

3.330 
3.868 

1.972x10-r 
3.949x10 

4.403~10~~ 
1.196X10 

Incident Proton ~me"tum = 325 ..?a",~ 

PI LGcrV/C) Edo/dp' f Error 

0.428 5.296~10' 

0.632 1.742x10~i 

::x",-' -I 

0.833 
1.067 

5.464X1O~i 
1.257 1.842x10-z 

*.967xlo;: 
9.042x10L, 

1.46, 
8.4OOX1C~. 
3.314x10-* '.4Plxx10-, 

1.668 
1.901 

1.377x1c1-r. 1.49OXlO~. 
7.324x10-. 

2.089 
5.257x10-r 
2.518XlO~. 3.137x10-, 

2.305 9.985x10~. 1.,29x10-. 
2.502 
2.715 

5.159x10-r 6.585x10-1 
4.1,1x1o-, 

2.925. 
2.236XlO~. *.439r10-, 

- 3.492 9.705x10-, 1.233x10-r 1.496x10-. 
3.779 

6.631X10 
2.912x10-s 
4.467x10 

. 
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Laboratory Angle = LOO l4illiradians 

l- 

?: c:ei’,cl / Ed:/dp’ 
I 

5.423 
:.532 / 

j.f'OXlO~ 
1.569X10_, 

". 935 1 
L.371 

5.972x10-, 

1.253 
l.i26X10-, 
3.P33XlO , 

i.462 : 
1.665 

3.257XlO~~ 

i.912 
1.635X10-, 

2.089 
C.517XlO-, 

2.297 
i.i66X10-, 

:::;4 
2.929 

1 Ei;;~I: 

l.C25XlO~. 

3.154 
3.,13 ’ 

2.1‘lx10~: 
7.344x10-, 
,.303x10~, 
1.003XlO~, 
3.901x10 , 
1.729x10~, 
1.041x10-* 
4.021x10-. 
2.034x1O-r 
l.l29X10~, 
7.809x10-r 
2.91,X10~, 
2.959XlO~, 
1.537x10_r 
1.758X10 

:rci*.nt~ *roto7, xomentum - 375 cev,c 

?. tZe’Z/cl i ECo/dp’ f Error 

3.426 4.97OXlO~ 
3.623 
3.834 

1.602XlO_D> 

1.075 
5.203x10-r 

1.236 
1.00x10~. 

l.Ci3 
6.51OXlO~. 

1.672 
2.64BXlO-. 

1.883 
1.142x10-, 

2.088 
4.111XlO~, 

2.298 
2.508X10-. 

*.cs* 
9.154xlo~. 

2.714 
P.nBxlO-. 

2.9:1 
2.545X10-, 

3.197 
4.785X10-r 

, 3.423*10 

1.782X10 1: 
6.630X10-. 
2.85**10~, 
7.672XlO~, 
*.779xLO-, 
1.288x10~. 
6.789x10~. 
'.307xlcl~* 
*.394x10-. 
1.126XlO=r 
7.111x10~. 
5.082x10=* 
*.034x10~, 
1.442~10 

r; !ncident Proton !mmentum = 400 a",< 

I 

t 

‘, tGex’,c, 

0.427 
0.629 
0.833 
1.069 
1.260 
1.465 
1.672 
1.885 
*.I'*; 
2.291 
2.504 
2.715 
2.913 
3.123 
3.341 
3.905 
4.319 

Edo/dp' f error 

5.271x10” 1.8orxlo~: 
1.614x10_0, 6.167x10=, 
5.506X10-, 2.62BX10-, 
1.575x10-, 7.,59x10=, 
6.758X10-, *.544x10-, 
2.7O2X1O-r 1.055xlo~. 
1.213x10~r 5.102XlO~. 
4.666X10-, 2.25OXlO~. 
*.217x10-, l.l6Bxlo~* 
l.OIOx~O-r 6.503IlO~, 
4.841X10-. 3.975*10-, 
2.068xlo~. 
1.032x10~, 

2.356XlO~. 
1.557*10-‘ 

2.296x10-, 6.874x10-s 
1.374x10-, 5.067x10-s 
4.139x10~r 1.768X10-. 
1.434x10 2.874x10 



i] 

- 28 - zabratoq angle = 120 Milliradiml 

m = 123.9 Ge”, :ncidnnt Proton Uome"tum = 48.9 G&/c 1 t Incident Proto" H~nentu 

0.427 
0.687 
0.930 
1.220 
1.462 
1.717 
2.005 
2.235 
2.501 
2.890 

Ed./dP I t Error 

1 Incident Proton !.!ome"+un = 73.9 GeV/C 

t 
-’ I 2.317XlO~, 

s.67*X10-r 
4.o*oxlo~, 
6.164X10-, 
1.892x10~, 
5.995x10-, 

! 
*.209x10~, 
,.696X10-, 
*.792x10~, 
1.224x10~~ 
2.*17*10 

i Incident Proton !4ome+m = 98.9 GM/c 

pL tGeV/cl j Eds/dp' 

I 
2.617X10 1: 
9.999xlo~* 
,.871x10~, 
7.650x10~, 
2.385XlO~. 
9.003x10~* 
2.561X10-. 
8.94OXlO~S 
3.207XlO~, 
1.619xlo~. 
7.791x10~‘ 
2.601x10 

PI (GCV/Cl Ed./dp3 t Error 

2.678xloI: 
9.847x10=. 
4.*;Ix10 I 
,.0:3x10~. 
2.307x10~. 
8.928x10~. 
*.352r10-, 
9.09‘x10~, 
3.200x10~% 
1.515x10e, 
5.492x10=. 
3.618rlo 

incident Proton ltme"t"m = 159.9 G=V/l 

P, (GzV/C) Edo/dp' 

1.*24x1o:: 
4.113x10s* 
1.794x10-, 
3.135r10-> 
1.085x10~. 
4.516X10=. 
1.290*10=r 
4.*09xlo~, 
2.029*10~‘ 
9.118xlo~‘ 
9.1G?X30-‘ 
2.536X30=, 
5.603X10 



ubora+orY Angle = 120 Hilliradians 

?; (%?/C, 

j.432 
0.552 
L. 923 
l.i3i 
l.453 
1.717 
I.998 
2.240 
I.C9C 
2.730 
3.007 
3.231 
3.9t9 
c.234 

Ecwdp 

6.<17xlo* 
1.582XlOJ, 
c.6:6xlo~, 
1.261r10-. 
3.793XlO~, 
1.310x10~, 
3.Bl*xlo~, 
1.599x10-. 
5.756x10-. 
2.277XlO~, 
8.439X10-, 
1.738X10-‘ 
3.16*x10-, 
‘.328X10 

= 183.9 Gev, 

f ErrOI 

-1 
1.262X10-, 
4.oolxlo~* 
1.719XlO~, 
3.*2oxlo~. 
1.092x10q. 
1.702xlo~. 
1.381x10 , 
5.315x10-, 
2.297XlOI, 
1.177X10_‘ 
6.273X10-‘ 
3.271X10-l 
6.765X10-7 
9.681x10 

! ;zciitnt Proton .r:onentum = 208.9 Ge.", 

i?;. (sa-J/c) i EWdP3 I f Error 

‘.<33 
2.684 
5.133 
L.25, 
1.461 
1.713 
1.99, 
2.239 
2.493 
2.74, 
3.008 
3.272 
3.898 
:-:11 

1ncieent Proton ,,one*+um I 133.9 r&v, 
P& tcev/c1 

0.135 
0.684 
0.934 
1.210 
1.464 
1.716 
1.998 
2.240 
2.192 
2.749 
3.003 
3.266 
3.899 
4.307 

E.w.3.’ * Error 

6.456X10 
1.708XlO~, 
4.686X10-, 
1.261xlo~* 
3.990x10-. 
1.356XlO~, 
4.179x10-r 
1.714X10-. 
6.311XlO~. 
2.505x10-. 
9.953XlO-* 
3.636X10-. 
1.116X10-, 
6.213X10 

1.461x10 r : 
4.622X10-z 
1.834X10-, 
'-573rlO~, 
1-279x10-. 
5..,5XlO-. 
1.671LlO~, 
6..hllO-~ 
2.790xlo~r 
1.435x10-, 
7.768X10-. 
4.4llxlO~r 
*.82lxlo~r 
5.701r10 

tA G&/c) 1 Edo/dp3 0.436 6.419X10@ 
0.684 
0.936 

1.65OXlOf, 

1.208 
4.,21x10-, 

1.161 
1.257X10-* 

1.710 
4.126X10-, 

1.99, 
l.‘19x10-, 

L 
2.239 

4.168X10-, 

2.499 
1.756X10-, 

2.751 
6.393x10-. 

3.003 
2.551x10-. 

3.262 
l.O~4xlO~, 

3.883 
4.Zl4XlO~‘ 

4.433 
3.883X10-‘ 
1.165X10 

1. sa2xlo~: 
4.713x10-. 
1.8,8x1o~s 
3.78?.XlO~, 
1.399x10-. 
6.026rlO-, 
l.,83rlo-. 
6.945x10-. 
y:-;g, 

8.637xlo~: 
5.123xlO-, 
9.556x10-, 
7.898X10 



- 30 - 

I.abr.tory Angle - 120 t4illiradians 

I 
InciZent Proton xOl@e”tum - 283.9 ca”,C 
PA ~sev/cl I Edmp’ I *Error. 

I 0.433 
0.684 
0.934 
1.208 

,I.461 
1.719 
1.996 
2.239 
2.490 
2.751 
3.013 
3.266 
3.872 
4.520 

, 

! 
. ! 

IIlcident Proton EIoQen+un - 308.9 cev,< 

?, (GeV/c) , Edmp’ t Error 

0.431 
0.676 
0.939 
1.208 
1.463 
1.732 
1.993 
2.239 
2.197 
2.761 
3.015 
3.685 

7.026X10’ 
1.853XlO~, 
4.236X10-r 
1.707rlO~r 
5.526X10-2 
1.753x10-3 
5.BZOXlO~, 
2.490x10-, 
8.010x10~. 
3.106XlO~, 
B.242XlO-s 
1.784X10 

3.785xloI: 
1.307xlo~, 
5.173x10-* 
1.223~10~. 
4.621x10-. 
Z.026xlo~r 
6.091X10-. 
2.232r10-s 
8.399X10-, 
4.151XlO~, 
1.79OXlO~. 
4.669X10 



:rciicnt Prol 

) ,zev,.d 

5.453 
2.673 
0.909 
1.110 
1.326 
l.350 
l.iSl 
1.097 
2.213 
*.<<1 
2.659 
2.812 

i=cieent Proton Momentum - 100 cev, 

P: ,oev,c, I EdddP’ 

0.453 
3.673 
3.910 
1.118 
~..330 
1.;53 
1.771 
I.001 
2.212 
*.c39 
2.568 
2.688 
3.131 
3.315 

t Error 

2.525x101: 
7.935x10-r 
*.0*5x10-~ 
5.671rlo-. 
*.949x10-. 
6.683x10-r 

1 
2.935*10-. 
1.311X10-~ 
7.255x10-s 
3.890x10-~ 
2.372rlo~~ 
l..l9XlO-‘ 
8.522ltlO-‘ 
6.085X10 

L 

0.911 
1.112 
1.333 

::::: 
1.998 
2.220 
2.04 
2.653 
2.908 

hcident Proton Momentum - 150 @V/c 

D1 tGe",cl 1 Eda/ap' 1 * ErrOr 

0.451 
0.673 
0.906 
1.112 
1.332 
1.553 
1.778 
1.997 
2.216 
2.442 
2.658 
2.895 
3.106 
3.333 
3.771 

5.224x10’ 
1.411X10:, 
3.801X10-, 
1.379x10-, 
1.616X10-, 
1.566X10-, 
6.131X10-, 
*.2*9x10-. 
9.001x10-. 
'.027X10-. 
L452XlO-1 
4.690X10-, 
3.095XlO~‘ 
6.093X10-‘ 
4.642X10 

1.63BXlO 1: 
5.060rlo~, 
1.31*r10-, 
1.491x10-, 
1.902x10 . 
4.699x10~. 
*.058x10~, 
9.*75x10 , 
4.766x10:; 
2.408rlO-, 
1.55OXlO~. 
8.27OXlO~‘ 
6.399X10-. 
2.677X10-‘ 
1.293x10 



- 32 - 

Idboratmy angle - 200 nilliradians 

Incident Proton >mnentum = 175 G&q/c 

0.453 
0.669 
0.939 
1.114 
1.331 
1.554 
1.777 
1.998 
2.221 
2.136 
2.660 
2.876 
3.102 
3.326 
3.796 

mr/dp’ % Error 

y;:;;$ I -;;I: 
-1 

5.%5X10-, 1.365X10 1: 
l.:oBxlo~~ 4.668X10-, 
S.**5x10e2 1.945x10-. 
:.6:EXlo-, 5.0*0x10-. 

2;;;;;;; ! ~~~~~~~~I~ 

Xi~~~t / E~~GZ~~i 

Mm:;:: 1 :::::::i:: 
, 1.2llXlO 

0.454 
0.672 
0.907 
1.115 
1.334 
1.555 
1.778 
1.998 
2.218 
2.444 
2.670 
2.872 
3.090 
3.351 
3.763 

_I 
1.798x10-r 
5.47*x1o-2 
1.510x10-, 
4.928X10-, 
*.0*0x10-. 
5.624X10-. 
*.361x10-. 
~.128XlO-, 
5.619X10-, 
3.**7x10-r 
1.*06x10-, 
1.*6*x10-‘ 
8. 573x10-r 
3.*20x10-. 
1.07*x10 

Incident Proton ?!omntum - 225 G~v/< 

PA lGN/Cl Edo/dp' * error 

0.454 5.113x10' 
0.671 

1.844x10 1: 

0.907 
1.374XlO~, 
'.902x10-, 

5.7*9x10-* 
1.117 
1.332 

1.331x10-. 1.561X10-1 
4.810x10-, 5.054XlO~. 

1.552 2.164X10-. 
1.776 1.729x10-, 6.668X10-, 5.91*x10-. 

1.996 
*.53*xlo~, 

2.219 2.631X10-, 

2.446 

1.062X10-, 1.18OXlO~, 
6.l28r10-r 

2.663 
4.316x10-. 3.426X10 I 

2.887 
1.73*x10-, 1.969x10-‘ 

3.101 
7.95*x10-, 1.251x10-s 

3.320 
*.*89x10-s 6.276x10-, 

3.793 
1.955X10-‘ 5.524x10-. 
5.183X10 1.539~10- 

Incident PrOtO" nomtntum - 

PI (GeV/c) ( Edm/dp3 

250 cc",< 

t Error 

0.454 5.033XlO~ 
1.309XlO~, 

2.150x10 
0.675 

1: 
0.907 6.3S1r10-. 

1.11* 
3.*37x10-, 1.*02x10-, 

1.336 1.364X10-, 4.,31X10-~ 9.978x10-, 
1.555 *.4*9x10-, 

1.776 
1.665~10 I 6.840x10-. 

1.994 
6.688XlOI, 2.9.6x10 , 

2.216 
2.633x10-1 1.323.10~, 

*A'* 
1.08*x10-. 6.701x10-s 

2.662 
4.4,3x10-. 3.652X10 I 
1.867x10-r 2.125x10-s 

2.868 
3.107 

7.496~10 I 1.236~10~. 
3.316 *.179x10-. 3.385XlO~. 7.***xlo~, 
3.792 

5.681~10 
5.921x10-, 
1.618X10 



- 33 - 

UboratOIY Angle - 200 Ililliradians 

'1 
I 

incident Proton Xoment~m - 275 cev,< 

?A l'rrV/CP Edmd * Error 

0.450 5.171.10' 1.440X10 0.669 1.486XlO~, 1: 

0.905 
1.669x10-, 

1.116 3.896x1o-1 1.249r10-. 3.791x10-. 
1.333 
1.552 

3.693x10-, 1.162x10-, 
1.616X10-, ,.326x10-, 

:-2: 
6.954x10-, 

1.3s1x10-. 
6.308x10-, 

2:226 *.509xlo~. 2.698X10~. 
2.443 9.955XlO~. 
2.666 
2.893 

1.966XlO-, 3.609X10-, 
1.107x10-r 
7.246X10-, 

3.094 
~.167XlO~, 4.954x10-, 
3.593x10-1 *.95,x10-, 

3.301 
3.777 

'.857X10-, 1.*2Sxlo~, 
1.789X10-‘ 

6.369 3.552rlo-‘ 
3.623~10 

4.763X10-‘ 
2.960X10 



, 
I c 

- 3‘ - 

Laboratory Angle = 275"illir.di.n~ 

L 

0.573 
0.728 
0.682 
1.037 
1.191 
1.3‘6 
1.500 
1.655 
1.809 
1.96‘ 

i Incident P rot 
! 3, ,Ge",c, 
- 
j 0.573 
i 0.728 

0.882 
1.037 

, 1.191 
1.316 
1.500 
1.655 
1.*09 
1.966 
2.11s 

Incident Protol .Yone"tum = 100 WV, 

?, cGe",cl Edo/dp3 , f Error 

1.523xloI: 
6.133x10-r 
'.52Ex10~, 
1.930rlO-, 
5.‘6orlo-r 

.2.615x10-. 
1.628xlO-, 
*.174x10-. 
2.S65XlO~. 
l.‘73xlO I 
8.233xlO~S 
5.202r10 

Incident Proton t‘omentum = 12s G&'/C 

pi KkV/Cl 1 E&/dp3 t Error 

I 

- 

tncident Proton Momentum = 190 GeV/n 

DL tcev,c , Edo/dp' 1 t Error 

0.573 0.728 0.862 
1.037 
1.191 
1.346 
1.500 
1.655 
1.809 
1.964 
2.118 
2.273 
2.127 
2.582 



_.’ 

I’ ,. ~,I 

- 3s - 

Laboratory Angle = 275 nilliradima 

Incident Proton .*onenNsl = 175 Gev/e 

PA lGev/cl Edo/d>3 * Error 

0.573 
0.728 

~.692XlO~, 7.073xlo~: 

0.882 
7.‘98XlO~, 3.099*10-r 

1.037 
3.1*0x10-, l.S2‘XlO-, 

1.191 
1.293x10-* 7.921x10-, 

1.3‘6 
6.194x.10-. 2.419x10-, 

1.500 
2.984x10-1 1.246x10-. 

1.655 
1.293x10-, 6.632~10~. 

1.809 
S.83‘XlO~, 3.*05x10-, 

1.96‘ 
3.326XlO~, 1.317X10-, 

2.118 
1.5*7x10-. 6.972x10-s 

2.273 
*.557x10-. 
‘.501x10~. 

‘.263x10-, 
2.658x10 , 

2.427 *.343x10 . 1.707x10-. 
2.582 1.*76x10- 1.160x10- 

mcidcnt Prot.x :e.ment~ = 200 Ge",c 

', Ge",cl *do/d*3 t .Irror 

0.573 
-I 

0.721 
1.92SXlO_l, 7.*95x10-, 

0.882 
*.453x10-* 3.‘S3x10-r 

1.037 
3.‘07XlO~, 1.6‘0x10~, 

1.191 
1.5*‘x10~, 9.413x10-* 

1.3‘6 
6.90*x10-. *.65‘x10~, 

1.500 
3.174x10-r 1.360X10-. 

1.655 
l.S‘lxlo-, 7.752x10-. 

1.809 
7.273x10-, ‘.594x10-. 

1.96‘ . 
3.680x10-r 1. “1x10~. 

2.119 
*.000*10~, *.S*oxlo-, 

2.273 
1.01*x10-. 5.027rlo~r 

3.101x10-, 
2.427 

5.2‘0110~. 

2.582 
2.5eExlo~. 
1.36BXlO 

1.937x10-s 
1.302x10 I 

t 

Incident Proton l~onentun = 225 GCV,C 

Incident Proton mmentm = 250 GCV,C 
?L fGe",cI Ed./dp3 t Error 

0.573 
0.728 

1.962x10:, 
9 

7.722110~~ 

0.882 
7.977x10-, 3.432x10-. 

1.037 
3.459x10-, 1.73‘x10-r 

1.191 
l.S29XlO-, 9.616x10-, 

1.3‘6 
7.10‘x10~1 2.*59x10-, 

1.500 
3.265~10~2 1.460x18-. 

1.655 
1.569x10-, 3211x10-. 

1.809 
*.475x10-. 5.291x10-. 

1.96‘ 
3.768X10-r 1.533x10-, 

2.118 
*.032x10-, *.99sx10-, 

2.273 
1.074x10-. S.3*9*10-, 

2.427 
5.57SXlO~. 3.317x10-, 

2.582, 
2.786~10~. 2.075~10 s 
1.723x10 I 1.525x10-. 

2.736 *.75*x10- 1.013x10- 

, 



- 36 - 

laboratory Angle = 275 Yilliradians 

l.aloxlo~, 
7.:24x10-, 
3.208X10~, 
1.5Z5XlO~, 
6.1*8xlo~. 
2.393xlo~* 
1.393XlO~, 
7.429x10-, 
3.025x10~, 
1.992x10-. 
9.331x10-, 
4.813X10-. 
*.87*x10-, 
1.4alxlO~. 
1.121x10 

; Incident Prc-ton !lonentum = 300 GeY,C 

P, lGeV/c) Ed.e$ * error 

0.5.73 
0.728 
0.882 
1.037 
1.191 
1.346 
1.500 
1.655 
1.839 
1.951 
2.118 
2.273 
2.427 
2.592 
2.716 

2.092X10', 
*.931x10-, 
3.566X10-, 
1.615XlO~~ 
*.156xlo~, 
3.760x10-* 
2.169X10-, 
9.503x10-, 
4.569x10 , 
2.405XlO~, 
1.229x10-, 
7.314x10-. 
4.721x10-. 
2.169x10-, 
9.295x10 

1.707xlo~: 
7.972x14. 
3.810X1o~r 
2.2OlXlO~, 
6.779x10-, 
3.48OXlO~, 
2.2.7XlO~, 
1.246X10-. 
3.913x10-, 
2.191rlcJ-. 
1.279%10~. 
9.693x10-s 
6.394X10-, 
3.866x10-. 
2.330x10 



Fig. 1: 

Fig. 2: 

Fig. 3: 

Fig. 0: 

Fig. 5: 

Fig. 6: 

Fig. 7: 

Fig. 8: 

Fig. 9: 

Fig. 10: 

Typical layout of the experimqtal apparatus. 

Basic elements of the hydrogen jet and rotating 

targets used in the expe~iiment. 

Plan view of the detectors and surrounding shielding. 

Typical histogram of events in the monitor telescope 

as a function of the product of the pulse heights 

in the thick and thin scintillators. The large peak \ 
is due to protons, the others to deuterons and tritons. 

Typical histogram of events in the solid-state detector 

as a function of pulse height. 

Block diqgram of the basic elements of the electronic 

logic system. 

Typical histogram of events in counter 12 making a 

* trigger, as a function of pulse height. 

y trigger rate as a function of position of the steel 

alit. 

Typical histogram as a function of pulse height in 

the lead-glass counter for events satisfying a %~uon~ 

trigger. 

P znvariant cross sections as a function of transverse 

momentum for various incident proton beam momenta, at 

laboratory angles (a) 30 mad, (b) 65 mad, (cl 100 nrrad, 

and (d) 200 mrad. 
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